Dynamic compression of single cells.
The objective of this study was to measure the effects of dynamic compression on single chondrocyte gene expression using a single cell approach, combining single cell biomechanics with single cell gene expression. Articular chondrocytes from the middle and deep zones of bovine distal metatarsal cartilage were statically or dynamically compressed (at a frequency of approximately 1Hz) using a custom creep cytocompression apparatus, and their gene expression levels for type II collagen, aggrecan, tissue inhibitor of metalloproteinase-1, and matrix metalloproteinase-1 were subsequently measured using single cell real-time reverse transcriptase-polymerase chain reaction. Single chondrocyte gene expression was lognormally distributed, suggesting that studies of populations of cells may be biased by a minority of cells with very high levels of gene expression, and would not accurately describe the behavior of most chondrocytes. Chondrocytes exposed to dynamic loading did, in general, have higher levels of type II collagen and aggrecan gene expression than statically loaded cells. Specifically, compressive forces of 50 and 100 nN suppressed type II collagen expression when applied statically, but the equivalent dynamic loads increased expression to control levels. Tissue inhibitor of metalloproteinase-1 was not affected by the mechanical loading regimens examined. We have demonstrated that a single cell approach is a viable methodology for studying the responses of cells to mechanical forces. Furthermore, examining the effects of mechanical loading on a cell-by-cell basis allows us to capture behaviors and details that would otherwise elude studies performed on a larger scale.